Amino acids at positions 3 and 4 determine the membrane specificity of Pseudomonas aeruginosa lipoproteins.
Escherichia coli lipoproteins with Asp at position 2 remain in the inner membrane, whereas those having other amino acids are targeted to the outer membrane by the Lol system. However, inner membrane lipoproteins without Asp at position 2 are found in other Gram-negative bacteria. MexA of Pseudomonas aeruginosa, an inner membrane-specific lipoprotein involved in multidrug efflux, has Gly at position 2. To identify the residue or region of MexA that functions as an inner membrane retention signal, we constructed chimeric lipoproteins comprising various regions of MexA and an outer membrane lipoprotein, OprM, and analyzed their membrane localization. Lys and Ser at positions 3 and 4, respectively, were found to be critical for the inner membrane localization of MexA in P. aeruginosa. Substitution of these residues with Leu and Ile, which are present in OprM, was sufficient to target the chimeric lipoprotein to the outer membrane and to abolish the ability of MexA to confer drug resistance. The membrane specificity of a model lipoprotein, lipoMalE, a lipidated variant of the periplasmic maltose-binding protein of E. coli, was also determined by the residues at positions 3 and 4 in P. aeruginosa. In contrast to the widely accepted "+2 rule" for E. coli lipoproteins, these results suggest a new "+3, +4 rule" for lipoprotein sorting in P. aeruginosa, namely, the final destination of lipoproteins is determined by the residues at positions 3 and 4.